ABSTRACT: Objective: To evaluate the correlates of a clinically significant high score on the Social Responsiveness Scale (SRS) in 10-year-old children who were born extremely preterm and who did not meet criteria for autism spectrum disorder (ASD). Methods: After excluding 61 participants diagnosed with ASD, we grouped children by IQ < or ‡85 and then compared the prevalence of neurocognitive and other deficits between those who had SRS total and component scores ‡65 and their peers who had lower scores. Results: Among children who had IQ ‡ 85, the prevalence of SRS total scores ‡65 was 16% (n 5 103/628), and among children who had IQ < 85, it was 27% (n 5 40/148), higher than the 4% prevalence expected based on normative population data. Among children who had IQ ‡ 85, those who had high SRS scores more often than their peers had deficits in attention and executive function, and language and communication, and they were more often rated by their parents and teachers as having behavioral (e.g., attention-deficit hyperactivity disorder [ADHD]) and emotional (e.g., anxiety and depression) problems. Conclusion: Social Responsiveness Scale-defined social impairment was much more common in our cohort of 10-year-old children born extremely preterm than was expected based on general population norms. High SRS scores were characteristic of children who had intellectual, neurocognitive, language, and communication limitations, as well as deficits in behavior and emotion regulation.
weight peers, preterm and low birth weight children are at higher risk of social deficits, including peer problems, fewer prosocial behaviors, difficulties making friends, and social withdrawal. 1 Sometimes given the label "preterm behavioral phenotype," 2 these deficits are likely to contribute to affected children's increased risk of emotional and behavior problems, 3 anxiety, or other psychiatric disorders. 4 Interest in the topic of socialization after very preterm birth is further piqued by evidence that social skills are associated with executive function and academic achievement among children who were born very preterm or with low birth weight. 5 Reports about the preterm behavioral phenotype have not used a validated instrument to estimate the prevalence of social impairment among school-age children who were born very preterm. Nor is it clear how often affected children have co-occurring limitations in other domains of neurocognitive and behavioral development. To enhance the care of children now and in the future, clinicians and researchers need information about the co-occurrence of dysfunctions in vulnerable children. 6 Only 1 study has specifically assessed the relationship of neurocognitive deficits to social information processing and social adjustment in children born preterm. 7 We used the Social Responsiveness Scale (SRS 8 ) to characterize the constellation of social deficits considered typical of the preterm behavioral phenotype in a large cohort of 10-year-old children born extremely preterm. The SRS is a brief, parent-completed questionnaire designed to evaluate a child's social abilities, including social awareness, social cognition, social communication, social motivation, and autistic mannerisms. Although often used as an autism spectrum disorder (ASD) screen or to assess related traits, the SRS has also been used to assess social-communicative limitations and ASD-like traits that do not meet standard clinical criteria, 9 including those that may arise from other deficits; for example, in cognitive ability, language, executive function, attention, and behavior and emotion regulation.
We sought to describe the prevalence and correlates of SRS-defined social impairment in a large cohort of 10-year-olds who were born before the 28th week of gestation who did not meet diagnostic criteria for ASD.
METHODS

Participants
We performed a multicenter prospective, observational study of the risk of structural and functional neurologic disorders in extremely preterm infants. 10 A total of 1506 infants born before the 28th week of gestation were enrolled during the years 2002 to 2004 and 1200 survived to 2 years. Briefly, at age 10 years, 889 of 966 (92%) eligible children returned for an assessment of cognitive and executive function, language and communication, academic achievement, and socialemotional and social-communicative function. Of these, 874 (98%) completed an IQ test, 861 (97%) completed neurocognitive testing and 852 (96%) were evaluated by parents with the Social Responsiveness Scale (SRS). Children who survived to age 10 years but who did not participate were more likely than participants to have indicators of social disadvantage (lower maternal education and receipt of public health insurance) but did not differ on sex, gestational age, or birth weight Z-score (a measure of fetal growth restriction). Enrollment and consent procedures were approved by the institutional review boards of all participating institutions. This study did not include 61 children who met rigorous diagnostic assessments for autism spectrum disorder (ASD) at the 10-year follow-up.
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Demographic and Pregnancy Variables
After delivery, a trained research nurse interviewed each mother in her native language using a structured data collection form and following procedures defined in a manual. Twenty percent of interviews were conducted with the assistance of native-speaking translator.
Newborn Variables
The gestational age estimates were based on a hierarchy of the quality of available information. Most desirable were estimates based on the dates of embryo retrieval or intrauterine insemination or fetal ultrasound before the 14th week (62%). When these were not available, reliance was placed sequentially on a fetal ultrasound at 14 or more weeks (29%), Last menstrual period without fetal ultrasound (7%), and gestational age recorded in the log of the neonatal intensive care unit (1%).
The birth weight Z-score is the number of SDs the infant's birth weight is above or below the median weight of infants at the same gestational age in referent samples not delivered for preeclampsia or fetal indications. 12 
Assessment Procedures at Age 10 Years
All families targeted for recruitment were contacted by mail and then by phone to invite them to participate in the 10-year follow-up. Lost to follow-up families were searched for on state vaccination registries and other openly available websites, including Facebook.
Families willing to participate were scheduled for 1 visit during which all the measures reported here were administered in 3 to 4 hours, including breaks. Although the child was tested, the parent or caregiver completed questionnaires regarding the child's medical and neurological status and behavior. The parent was also asked to complete the Kaufman Brief Intelligence Test-2 (KBIT-2; Kaufman & Kaufman, Bloomington, MN, 2004) nonverbal subscale.
Test measures were selected to provide comprehensive information about neurocognitive, academic, socialemotional, and social-communicative function in 1 testing session. All test measures were well validated and provided recently normed standard scores allowing comparison to US population norms.
Social Impairment
We used the SRS 8 to assess a constellation of social deficits considered typical of the preterm behavioral phenotype and to assess its severity. The participant's parent completed this 65-item instrument, which provides a total score reflecting severity of social deficits in the autism spectrum, as well as in 5 subdomains of social reciprocity: social awareness, social cognition, social communication, social motivation, and autistic mannerisms. Among the individual items are "13. Is awkward in turn-taking interactions with peers (doesn't seem to understand the give-and-take of conversations)," "Does not join group activities unless told to do so," "27. Avoids starting social interactions with peers or adults," "29. Is regarded by other children as odd or weird." We dichotomized scores at 65 (i.e., the 96th percentile in the general population), as have others, which is higher than the published threshold of 60 (i.e., the 84th percentile) used to indicate moderate deficiencies in reciprocal social behavior that are "clinically significant" in the general population.
By choosing this higher criterion, we are making it clear that we want to identify children who have social limitations that are likely to interfere with, or limit, their daily activities. The SRS has high reliability and good accuracy. 13 Confirmatory factor analysis in 3 US samples combined (N . 9000) identified 3 factors among items encompassing social communication impairment (emotion recognition, social avoidance, and interpersonal relatedness) and 2 factors among items encompassing insistence on sameness and repetitive mannerisms. 14 We used the Social Communication Questionnaire (SCQ) as a complementary measure of social impairment. The SCQ is a 40-item parent-report screening instrument that assesses social-communicative deficits and other ASD-related behaviors. Children receiving an SCQ score of 15 or higher are typically considered at risk of ASD. We report the item-specific results from the SCQ of those children who did not meet study criteria for ASD as a secondary measure of the prevalence of subclinical social impairment and ASD-like features.
Neurocognitive and Other Assessment Measures
We assessed a broad number of neuropsychological and behavioral functions, including intelligence, executive function, language, academic achievement, and socialemotional status. Details about the assessments of cognition and executive function (Differential Ability Scales-II [DAS-II], NEuroPSYchological Assessment-II [NEPSY-II]) and language (Oral and Written Language Scales; OWLS) are provided in previous publications. 11, 15 Although the child was tested, the parent or caregiver also completed the Child Symptom Inventory-4 Parent Checklist (CSI-4). The child's current teacher was also asked to complete the Child Symptom Inventory-4 Teacher Checklist. CSI-4 diagnostic classifications were assigned based on CSI-4 Diagnostic and Statistical Manual of Mental-5-keyed criteria. We also assessed parent report of communication function using the Children's Communication Checklist-2 (CCC-2), which has 70 items that assess structural language (speech, syntax, semantics, and coherence) and social language skills and language pragmatics (initiation, stereotyped language, use of context, nonverbal communication, social relations, and interests). The CCC-2 allows an assessment of social-communication impairment by contrasting a child's pragmatic language to structural language score. We calculated Z-scores using normative data.
Data Analyses
We describe the prevalence of SRS total and component scores $65 according to summary and item-specific measures of neurocognitive and executive function (DAS-II, NEPSY-II, OWLS), CSI-4 psychiatric classifications of social and emotional function, individual items of the SCQ, and communication function on the CCC-2. To avoid misattributing features of intellectual deficit to social impairment, we divided our cohort of eligible children into 2 groups: IQ , 85 (i.e., 1 SD below the normative mean; N 5 148) or IQ $ 85 (N 5 628). In each of these 2 IQ groups, we determined the prevalence of SRS-defined social impairment (SRS total score $ 65) and calculated 95% confidence intervals. Confidence intervals that do not include the general population norm of 4% prevalence are statistically significantly different, and the width of each interval is an indication of precision.
With 628 children who had an IQ . 85, we had 99% power to detect a doubling of the prevalence rate, whereas with 148 children who had IQ , 85 (n 5 148), we had 99% power to detect a tripling of the prevalence rate.
To describe the characteristics and scores of children who had SRS total scores $65 relative to those of their peers whose SRS total scores were ,65, we calculated Zscores using the norms from each standardized assessment. In our sample, the scores on most functional assessments were skewed toward the low end of the distributions, prompting us to focus on scores 1 or more SDs below the expected mean.
RESULTS
Prevalence of Social Responsiveness Scale-Defined Social Impairment at Age 10 Years Among Children Born Before the 28th Week of Gestation
Of the 776 children assessed at age 10 years, 628 had IQ $ 85 and 148 had IQ , 85. Sixteen percent of children whose IQ was .85 at age 10 years had Social Responsiveness Scale (SRS) total scores $65 (i.e., social impairment); among the subset of 148 children who had IQ , 85, 27% had SRS-defined social impairment. The prevalence of high SRS component scores ranged from 11% to 32% in both groups, approximately 3 to 8 times higher than the 4% prevalence expected based on normative population data, and all 95% confidence intervals of the estimated prevalence rates exceeded the general population norm (Fig. 1) .
Social Communication Questionnaire Item Correlates of the Social Responsiveness Scale in Children with IQ ‡ 85
Based on parent-completed Social Communication Questionnaire (SCQ) forms, children who had high SRS scores were far more likely than others to have limitations of verbal communication and reciprocal social interaction and to have repetitive behaviors. On the other hand, they were no more likely than their peers with lower SRS scores to be classified as not spontaneously copying their parents (Item #21) and not playing make-believe games (Item #35) (Fig. 2 and Supplement Digital Figure S1 , http://links.lww.com/JDBP/A150).
Maternal, Newborn, and 10-Year Neurocognitive Correlates in Children with IQ ‡ 85
Compared with the mothers of children who had lower SRS scores, those whose children had SRS scores $65 were more likely to report that they were not married and others to be classified by their teachers as having generalized anxiety.
Social Impairment in Children with IQ \ 85
Children who had high SRS scores more often had deficits than their peers with lower SRS scores across all cognitive and behavioral domains assessed (Supplemental Digital Figures S2-S5 
DISCUSSION
We have 2 main findings. First, the prevalence of Social Responsiveness Scale (SRS)-defined social impairment was 4 times greater than expected based on general population norms among 10-year-olds who were born before the 28th week of gestation, even after excluding children who met diagnostic criteria for autism spectrum disorder (ASD) at age 10 (IQ $ 85: 16% and IQ , 85: 27% vs 4%). Second, children who had SRS-defined social impairment tended to have neurocognitive, language, communication, and emotion and behavior regulation deficits more often than children who had lower SRS scores, irrespective of IQ.
Preterm Behavioral Phenotype
Our finding of a multiplicity of social deficits in our sample of children born extremely preterm is in keeping with the concept of a "preterm behavioral phenotype." 2 Support for the view that children who are born extremely preterm have deficits of multiple developmental systems, including those that influence the development of social abilities comes from observations that social limitations in children born preterm are frequently accompanied by attention and behavior problems. 2, 16 Some of the increased risk of social impairment and other deficits in children born extremely preterm might reflect the vulnerability of brain maturation processes, paucity of neuroprotective factors, physiologic instability after birth, 17 inflammation-related phenomena that seem to increase the risk of brain damage in children born extremely preterm, 18 or more likely a mix of these and perhaps other factors.
One possible explanation for the comorbidities we found is that social impairment and other indicators of damage to brain function or structure share antecedents (that are correlates of very low gestational age) 17 and/or share structural brain characteristics (with or without having shared antecedents). A systematic review of 23 studies that used an array of instruments not including the SRS to assess children born very preterm found that neonatal brain abnormalities are associated with social competence, although only 2 of the studies assessed children at or beyond age 10 years, and none assessed a cohort of children born extremely preterm. 1 Some of the neonatal brain abnormalities identified are diffuse (ventriculomegaly, abnormal signals widely dispersed throughout the white matter) and involve brain structures/pathways that have also been associated with autism. 19 More recent work further suggests that the "autistic brain" is characterized by hypoconnectivity rather than focal cortical abnormalities. 20 It seems reasonable to assume that nonautistic children who have social limitations also have diffuse structural abnormalities similar to those of children with autism but less severe. Perhaps, some of these abnormalities are similar to the structural abnormalities associated with impaired attention, 21 executive dysfunction, 22 and/or language and communication impairment, 23 all of which are associated with social impairment.
Although the above discussion emphasizes common antecedents and altered neuroconnectivity in general, it is also possible that some dysfunctions are a consequence of or are exacerbated by other dysfunctions. We are unable to identify primary and possibly secondary disturbances.
Implications
Although similar phenomena have been observed in the general population, 24, 25 the recognition of the magnitude of social limitations (and the correlates reported here) among children born very or extremely preterm serves as an impetus to mobilize those who might be capable of preventing or ameliorating such dysfunctions.
Some raise the possibility that, "Just leaving extremely preterm infants alone in an incubator for several weeks may lead to a generation of incubator children" with social limitations. 26 Proponents of Neonatal Individualized Developmental Care Assessment Program (NIDCAP) continue to make a strong argument for potential social and developmental benefits at minimal downside risk of their model, which emphasizes developmental support, minimization of stress, and a relationship-based family-integrated approach. 27 Early intervention to minimize the social limitations of children considered at risk of an ASD seems to hold some promise. Not all children considered at risk of an autism spectrum diagnosis will fulfill diagnostic criteria years later. Thus, it seems reasonable to consider the possibility that some of the children identified as "likely to develop ASD" might have had the preterm behavioral profile. Indeed, some of the success attributed to early intervention might reflect the lack of severity of limitations among these children. At a minimum, the success of early interventions should be assessed in children who have characteristics of the preterm behavioral profile.
As mentioned above, very little is known about the antecedents of the preterm behavioral profile; we will address this in our future work. The most rewarding directions of investigation will likely be those that emphasize potentially brain-damaging exposures and nongenetic exposures linked to ASDs.
With increasing recognition that epigenetic phenomena are likely to be involved, 28 a new emphasis on those early exposures that seem to increase the probability of aberrant fetal programming seems promising. 29 
Limitations and Strengths
The strengths of our study are the large number of infants enrolled based on extremely preterm gestational age rather than birth weight 30 and the large number of standardized instruments used to assess social impairment and deficits across other domains of neurocognitive and neurobehavioral development at age 10 years.
We were also able to screen almost all children for ASD, and we excluded children who had rigorously diagnosed ASD. 11 As in all observational studies, inferences of causation from associations are limited.
CONCLUSION
Among nonautistic, normal-IQ children born extremely preterm, the prevalence of Social Responsiveness Scale (SRS)-defined social impairment was several times higher than that would be expected based on general population norms. Children with these social impairments were more likely than others to have neurocognitive, language and communication deficits, as well as behavior and emotion regulation problems.
